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(57) ABSTRACT 

This invention provides a method to autoregulate expression 
of a transgene Susceptible to sRNA silencing by concomi 
tantly transcribing RNA from DNA of a transgene and RNA 
from DNA from at least one sRNA silencing pathway gene. 
An aspect of the invention provides use of a recombinant 
DNA construct that includes DNA of a transgene and DNA of 
an sRNA silencing regulator. Also disclosed are transgenic 
cells and organisms having in their genome a recombinant 
DNA construct that includes DNA of a transgene and DNA of 
an sRNA silencing regulator. 

11 Claims, 6 Drawing Sheets 
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METHODS AND DNA CONSTRUCTS FOR 
AUTOREGULATING TRANSGENE 

SLENCING 

INCORPORATION OF SEQUENCE LISTING 

The sequence listing contained in the file named “38-21 
(54775).txt”, which is 6 kilobytes (measured in MS-Win 
dows) created on 24 Aug. 2010, is filed herewith by electronic 
Submission and incorporated herein by reference. 

FIELD OF THE INVENTION 

Disclosed herein are recombinant DNA constructs for 
autoregulating the expression of a transgene Susceptible to 
small RNA (sRNA) silencing and methods of making and 
using Such constructs. 

SUMMARY OF THE INVENTION 

This invention provides a method to autoregulate expres 
sion of a transgene Susceptible to sRNA silencing by con 
comitantly transcribing RNA from DNA of a transgene and 
RNA from DNA of at least one skNA silencing pathway 
gene. A transgene is Susceptible to sRNA silencing when 
transcription of the transgene to RNA initiates sRNA silenc 
ing of the transgene. Such silencing is observed in plants with 
highly expressed transgenes imparting novel traits, e.g., her 
bicide tolerance and pest tolerance. By concomitantly tran 
scribing RNA from DNA of a transgene and RNA from DNA 
from an sRNA silencing pathway gene, initiation of sRNA 
silencing also suppresses expression of the sRNA silencing 
pathway gene. This concomitant transcription of both the 
transgene and the sRNA silencing pathway gene provides for 
autoregulation of expression of the transgene with less Sus 
ceptibility to sRNA silencing. 
An aspect of the invention provides a recombinant DNA 

construct that includes DNA of a transgene and DNA of an 
sRNA silencing regulator. The sRNA silencing regulator 
includes DNA from at least one sRNA silencing pathway 
gene. The recombinant DNA construct is transcribed in a 
transgenic host cell so that the transgene and the sRNA silenc 
ing regulator are concomitantly transcribed to RNA. In some 
aspects of the invention the DNA construct comprises a single 
promoter to initiate transcription of RNA from DNA of the 
transgene and RNA from DNA of the sRNA silencing regu 
lator. 

Another aspect of the invention provides for a recombinant 
cell having in its genome the recombinant DNA construct that 
includes DNA of a transgene and DNA of at least one sRNA 
silencing regulator. The invention further provides a trans 
genic organism having the recombinant DNA construct and 
products prepared from the transgenic organism, e.g., where 
the transgenic organism is a plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are schematic descriptions illustrating a 
transgene Susceptible to silencing (FIG. 1A) and an aspect of 
the invention (FIG. 1B). 

FIGS. 2A through 2E illustrate recombinant DNA con 
StructS. 

FIGS. 3A and 3B are pathway diagrams illustrating a trans 
gene susceptible to silencing (FIG. 3B) and an aspect of the 
invention (FIG.3B). 
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2 
FIGS. 4A and 4B are bar charts showing RNA expression 

data related to use of the invention illustrated in examples 2 
and 3. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein "concomitant’ means occurring or existing 
concurrently and “concomitantly transcribing refers to 
RNAs that are produced from DNA at the same time and exist 
in the same cell. 

This invention discloses a method to autoregulate expres 
sion of a transgene Susceptible to sRNA silencing by con 
comitantly transcribing RNA from DNA of a transgene and 
RNA from DNA of at least one skNA silencing pathway 
gene. 

Small RNA (sRNA) silencing is described in the art as 
homology-dependent gene silencing, e.g., sequence-specific 
inhibition of gene expression, and involves diverse sRNA 
silencing pathways whereby silencing may occurattranscrip 
tion, post transcription, or translation as described in Kooter 
et al. (1999) Trends Plant Science, 4, 340-347; Denli and 
Hannon (2003) Trends Biochem. Sci. 28, 196-201: Brodersen 
and Voinnet (2006) Trends Genet. 22, 268-280; Allen et al. 
(2005) Cell, 121,207-221; Patent Application Publication US 
2006/0174380 A1; and Patent Application Publication US 
2008/0066206A1. Small RNA (sRNA) silencing pathways 
can be classified by the biosynthesis, biogenesis, and recog 
nition of types of regulatory sRNAs, e.g., short interfering 
(si)RNAs, micro (mi)RNAs, and phased sRNAs, and by the 
participating sRNA silencing pathway proteins. This inven 
tion provides methods and recombinant DNA constructs for 
disrupting sRNA silencing when the expression of a trans 
gene that is susceptible to sRNA silencing initiates skNA 
silencing. By concomitantly transcribing RNA from DNA of 
a transgene and RNA from DNA from an sERNA silencing 
pathway gene, initiation of sRNA silencing also suppresses 
expression of the sRNA silencing gene. This concomitant 
transcription of transgene and sRNA silencing pathway 
gene(s) provides a means of autoregulation of expression of 
the transgene with less susceptibility to sRNA silencing. 

With reference to FIGS. 1A and 1B, an aspect of the inven 
tion is a method to autoregulate expression of a transgene 
Susceptible to sRNA silencing by concomitantly transcribing 
RNA from DNA of a transgene and RNA from DNA from at 
least one sRNA silencing pathway gene. Following the tran 
scription 101 of DNA to RNA, sRNA silencing pathways 
proteins can initiate 102 transgene silencing at transcription 
103, post-transcription 104, or both. By concomitantly tran 
scribing 105 RNA from DNA of the transgene and RNA from 
DNA of an sRNA silencing regulator (sRSR), initiation of 
sRNA silencing also suppresses the expression of gene(s) 
required for sRNA silencing 106 thereby making transgene 
expression less susceptible (dotted 107) to sRNA silencing. 
The method of this invention that provides for transgene 

expression with less Susceptibility to sRNA silencing can 
occur in a transgenic cell or a transgenic organism, e.g., a 
transgenic plant cell or a transgenic plant. Alternatively, when 
sRNA silencing of transgene-produced RNA occurs in a pest 
or pathogen of the transgenic plant, or in a symbiont associ 
ated with Such a pest or pathogen of the transgenic plant, the 
method of this invention can be effected in such a pest, patho 
gen, or symbiont, e.g., a nematode that is controlled by RNA 
of the transgene produced in the roots of the transgenic plant. 
Thus, the targeted sRNA pathway gene(s) can be in the trans 
genic plant, in a pest or pathogen of the transgenic plant, or in 
a symbiont associated with a pest or pathogen of a transgenic 
plant. 
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Several sRNA silencing pathway genes have been identi 
fied in plants and their role in the sRNA silencing pathway 
elucidated to varying degrees. These sRNA silencing path 
way genes are involved in transgene silencing, a limiting 
factor in achieving efficient transgene expression in a cell of 
a transgenic host, for example for highly expressed trans 
genes that provide herbicide and pest tolerance in transgenic 
plants. An sRNA silencing pathway gene includes DNA that 
encodes proteins that are active in or essential to the operation 
ofan sRNA silencing pathway; such DNA can be endogenous 
to the organism in which sRNA silencing occurs or can be 
DNA from a paralog, homolog, or ortholog. Examples of 
known sRNA silencing pathway proteins from Arabidopsis 
are described in table 1 of Brodersen and Voinnet (2006) 
Trends Genet. 22, 268-280. Small RNA silencing pathway 
genes useful in this invention include genes encoding a pro 
tein with the domains/motifs and biochemical activities 
described in table 1 of Brodersen and Voinnet (2006). Repre 
sentative sRNA silencing pathway proteins known in the art 
include RDR6, SDE3, RDR2, WEX, SGS3, DCL2-4, UPF1, 
UPF3, HEN1, NRPD1A, NRPD2, DRD1, HDA6, AGO1, and 
MOP1, described in Brodersen and Voinnet (2006); Arciga 
Reyes etal. (2006) The Plant Journal 47,480-489; Chanetal. 
(2005) Nature Rev. Genet. 6, 351-360; Matzke and Birchler 
(2005) Nature Rev. Genet. 6, 24-35; and Alleman et al. (2006) 
Nature 442, 295-298. Novel sRNA silencing pathway genes 
from RNA-directed RNA polymerases known in the art are 
also described in US Patent Application Publication 2006/ 
0123510 A1 and US Patent Application Publication 2001/ 
0023067 A1. A person of ordinary skill in the art can readily 
identify or isolate a DNA molecule that encodes for all or part 
of a homologous or orthologous sRNA silencing pathway 
protein by searching databases, cloning directly from 
genomic or cDNA libraries from various organisms, e.g., 
plants, invertebrates including insects and nematodes, fungi, 
and viruses, or isolating polypeptides with sRNA silencing 
activity, e.g., isolating a polypeptide having the enzymatic 
activity of an RNA-dependent RNA polymerase (RDRP). 
Two sRNA silencing pathway proteins from Zea mays 

(Zm) are ZmRDR6A (SEQID NO: 1) and ZmRDR6B (SEQ 
ID NO: 2). 
RDR6 is an RDRP and a component of the posttranscrip 

tional gene silencing (PTGS) pathway in plants (See Elmayan 
et al. (1998) The Plant Cell 10, 1747-1757). Permanent shut 
down of an RDR6 protein in a plant may result in undesirable 
effects in the plant because RDR6 is also an important protein 
of plant defense mechanisms, juvenile-to-adult transition, 
and other developmental processes as described in Schwach 
et al. (2005) Plant Physiology 138, 1842-1852; and Fahlgren 
et al. (2006) Current Biology 16,939-944. The use of DNA 
from an RDR6 gene in the recombinant DNA constructs used 
in the practice of this invention can result in ameliorating the 
extent of Such undesirable effects in a transgenic plant by 
Suppressing RDR6 expression only when transgene silencing 
is initiated. 
MOP1 is a component of the transcriptional gene silencing 

(TGS) pathway in maize plants where inactivation by muta 
tion reactivates transgene expression from silenced repeat 
loci in maize and is required for the production of siRNAs 
involved in the chromatin RNAi pathway (see Alleman et al. 
2006 Nature 442,295-298). Alleman et al. (2006) also shows 
that maize plants with a mop1 mutation exhibit pleiotropic 
development phenotypes. The use of DNA encoding MOP1 
in the recombinant DNA constructs used in the practice of this 
invention can result in ameliorating the extent of Such unde 
sirable phenotypes in a transgenic plant by Suppressing 
MOP1 expression only when transgene silencing is initiated. 
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4 
Methods for introducing DNA of a gene for expression in 

an organism and thereby calling the introduced DNA a trans 
gene are well known and widely practiced. Additionally, vari 
ous types of DNA of genes that have been used as transgenes 
are widely known. For instance, various types of DNA of 
genes used as transgenes include DNA from an endogenous 
gene of a eukaryote organism, from an endogenous gene of a 
transgenic plant, from an endogenous gene of a pest or patho 
gen of a plant, from an endogenous gene of a symbiont 
associated with a pest or pathogen of a plant, from a 
microRNA gene, and from a non-coding RNA gene. Aspects 
of this invention are useful in transgenic plants having trans 
gene DNA that transcribes to non-coding RNA or to mRNA 
encoding a protein. Aspects of this invention provides trans 
genic plants having DNA of one or more highly expressed 
transgenes Susceptible to silencing wherein the transgene(s) 
impart herbicide tolerance and/or pest tolerance. 
DNA of genes that encode for proteins that impart herbi 

cide tolerance is found in U.S. Pat. No. 4,769,061 (mutant 
5-enolpyruvylshikimate-3-phosphate synthase for glypho 
sate herbicide tolerance), U.S. Pat. No. 5,627,061 (mutant 
5-enolpyruvylshikimate-3-phosphate synthase for glypho 
sate herbicide tolerance), U.S. Pat. No. 5,463,175 (glyphosate 
oxido-reductase for glyphosate herbicide tolerance), U.S. 
Pat. No. 5,646,024 (phosphinothricin acetyltransferase for 
glufosinate herbicide tolerance), U.S. Pat. No. 5,767.366 (a 
mutant acetolactate synthase for imidazolinone herbicide tol 
erance), U.S. Pat. No. 4,810,648 (haloarylnitrilase for bro 
moxynil herbicide tolerance), U.S. Pat. No. 6,414.222 
(acetyl-coenzyme A carboxylase for cyclohexanedione or 
aryloxyphenoxypropanoic acid herbicide tolerance), U.S. 
Pat. No. 5,597,717 (modified dihydropteroate synthase for 
sulfonamide herbicide resistance), US Patent Application 
Publication 2003/0083480A1 (glyphosate-N-acetyl trans 
ferase for glyphosate herbicide tolerance), US Patent Appli 
cation Publication 2003/0115626A1 (dicamba mono-oxyge 
nase for dicamba herbicide tolerance), and US Patent 
Application Publication 2004/0200874A1 (glyphosate 
decarboxylase for glyphosate herbicide tolerance), incorpo 
rated herein by reference. See also International Application 
WO99/27116 (2,2-dichloropropionic acid dehalogenase for 
dalapon herbicide resistance). 

Bacterial DNA encoding proteins that impart pest toler 
ance, e.g., the Bacillus thuringiensis Cry1A(b), Cry1A(c), 
Cry3Aa, Cry 1Ca, and Cry2Aa delta-endotoxins, for use in 
transgenes are found in U.S. Pat. Nos. 5,500,365 and 5,689, 
052, incorporated herein by reference. Insect tolerance genes 
include any of a number of natural or codon-optimized DNA 
from Bacillus thuringiensis for encoding an insect toxin pro 
tein, e.g., a Lepidopteran or Coleopteran insect toxin protein, 
i.e., Bacillus thuringiensis Cry1A(b) endotoxin, Bacillus thu 
ringiensis Cry2Aa endotoxin, Bacillus thuringiensis Cry3A 
endotoxin, or ET29 and TIC810 endotoxins. US Patent Appli 
cation Publication 2007/022897, incorporated herein by ref 
erence, discloses DNA encoding endotoxins that are toxic to 
lepidopteran and coleopteran insects. Pest tolerance genes 
include DNA from an insect that transcribes to insect-toxic 
RNA, i.e., RNA that becomes a double-stranded RNA 
(dsRNA) targeting a vacuolar ATPase gene of Soybean cyst 
nematode, or nematode-toxic RNA that becomes a dsRNA 
targeting a soybean cyst nematode major sperm protein, as 
disclosed in US Patent Application Publication 2008/ 
0201801 A1, incorporated herein by reference. 
An sRNA silencing regulator (sRSR) is DNA that includes 

identical or similar DNA, e.g., about 80%, 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, 98%, 99%, 100%, from a fragment of 
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or all of the gene that encodes at least one sRNA silencing 
pathway protein, or the DNA complement thereof. A frag 
ment of an sRNA silencing pathway gene can comprise at 
least 18 or more nucleotides, e.g., at least 18 or 19 or 20 or 21 
or 22 or 23 or 24 or 25 or up to 50 or more nucleotides, from 
about 50 to about 1000 or more nucleotides up to the complete 
cDNA size, from about 50 to about 100, from about 50 to 
about 200, from about 100 to about 228, from about 100 to 
about 500, or from about 166 to about 272 nucleotides. The 
sRNA silencing regulator (sRSR) is transcribed to RNA that 
is Sufficiently similar or complementary to ansRNA silencing 
pathway gene to allow the sRSR transcript to bind in a cell to 
a fragment or all of the RNA transcribed for the sRNA silenc 
ing pathway protein. In some aspects of the invention, con 
comitant transcription of DNA of the transgene and DNA of 
the sRSR may be achieved under the regulation of one or 
more promoters, e.g., a single promoter selected to concomi 
tantly regulate transcription of the transgene and the SRSR. 

Those skilled in the art will recognize that some nucleotide 
sequences useful for the sRNA silencing regulator (sRSR) 
will have higher intrinsic silencing ability than others. There 
are a variety of computational tools available to help predict 
silencing efficacy and to help modify the sRNA silencing 
regulator nucleotide sequence to eliminate potential protein 
translation and potential splice donors/acceptors and poly 
adenylation signals. See, e.g., Reynolds et al. 2004 Nature 
Biotechnology 22, 326-330 and Khvorova et al. 2003 Cell 
115, 209-216. Alternatively, empirical methods for determin 
ing the silencing efficacy of nucleotide sequences from sRNA 
silencing pathway genes in the method of this invention were 
disclosed in US Patent Application Publication 2007/ 
0192903A1 and in US Patent Application Publication 2009/ 
0117539 A1, incorporated herein by reference. 

In an aspect of the invention the sRNA silencing regulator 
(sRSR) comprises a contiguous DNA sequence formed by 
concatenation of DNA segments from more than one sRNA 
silencing pathway gene and/or multiple fragments from a 
single sRNA silencing pathway gene. The concatenated parts 
of such an SRSR can be concatenated in sense, antisense, or a 
combination of both orientations. The DNA of the concat 
enated sRSR can be transcribed in sense or antisense orien 
tations. 

In various embodiments of the recombinant DNA con 
struct that includes DNA of a transgene and DNA of an sRNA 
silencing regulator (sRSR), the sRSR is located in a region 
that is 5' to the transgene, 3' to the transgene, in the transgene, 
5' to the transcription termination site, 3' to the transcription 
initiation site, or embedded in an intron. In some embodi 
ments, the recombinant DNA construct includes more than 
one skSR located in more than one position of the recombi 
nant DNA construct. FIG. 2E illustrates multiple possible 
embodiments of the invention relative to the position of the 
sRSR and the positions of the promoter, the 3' untranslated 
region (UTR), and the transgene. 

With reference to FIG. 3, an aspect of the invention is 
illustrated using the recombinant DNA construct of FIGS. 2A 
and 2B. The first step in each subview of FIG.3 (310 and 320) 
involves the transcription of the recombinant DNA construct 
to RNA. 

FIG.3A illustrates an aspect of ansRNA silencing pathway 
when a transgene is susceptible to PTGS. Following tran 
scription to messenger RNA (mRNA), PTGS initiating trans 
gene mRNA initiates a PTGS pathway 311 throughan RDR6 
dependents RNA silencing pathway 312 which 
biosynthesizes double-stranded (ds)RNA from mRNA. Fol 
lowing biosynthesis is biogenesis 313 of small-interfering 
(si)RNA from dsRNA to by other sRNA silencing pathway 
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6 
proteins. Following biogenesis is siRNA recognition and 
cleavage of mRNA by other sRNA silencing pathway pro 
teins 314, ultimately leading to PTGS 315 of the transgene. 
FIG.3B illustrates an aspect of this invention when DNA of 

a transgene and DNA of RDR6 are concomitantly transcribed 
320. Biosynthesis 321 of transgene mRNA and RDR6RNA 
produces dsRNA of transgene and RDR6 (shown as double 
stranded thin and thick lines, respectively). Biogenesis 323 of 
siRNA from dsRNA produces siRNA that recognizes 325 and 
inhibits 326 RDR6 by PTGS. As RDR6 expression is sup 
pressed, transgene expression becomes less Susceptible to 
sRNA silencing pathways 322/324 (dotted lines) thereby 
allowing for transgene expression 327 to protein. 

Another aspect of the invention provides for a recombinant 
cell having in its genome the recombinant DNA construct that 
includes a transgene and an sRNA silencing regulator. The 
recombinant cell may be isolated, e.g., at transformation, part 
of a cell culture of transformed cells, or part of a differentiated 
organism, e.g., a transgenic plant, or in cells of plant tissue 
that Survive due to autoregulation of a transgene that is Sus 
ceptible to silencing. The invention further provides a trans 
genic organism including a transgenic plant cell, plant, pollen 
or seed having a recombinant DNA construct with DNA for 
autoregulating transgene expression and commodity prod 
ucts prepared from Such a transgenic organism, for example, 
transgenic plant biomass, transgenic plant meal, transgenic 
plant seed, transgenic plant leaves, transgenic plant flour, and 
transgenic plant stalk. 
An aspect of the invention is the transient expression of the 

recombinant DNA construct that includes a transgene and an 
sRNA silencing regulator in a plant. Such transient expres 
sion is typically not heritable to a progeny plant. Another 
aspect of the invention is the stable integration of the recom 
binant DNA construct that includes a transgene and an sERNA 
silencing regulator into the genome of a transgenic plant cell, 
plant, pollen or seed. Stable integration into the genome of a 
plant means that the recombinant DNA is heritable in progeny 
plants and seeds; therefore, a further aspect of this invention 
includes regenerated transgenic plants and transgenic prog 
eny plants having stably integrated into their genome the 
recombinant DNA construct that includes a transgene and an 
sRNA silencing regulator. Methods for stably integrating a 
recombinant DNA construct of this invention into a trans 
genic plant are well known and widely practiced. Specific 
methods, including transformation methods, for inserting 
Such recombinant DNA constructs into transgenic plant cells 
and regenerating transgenic plants and seeds are disclosed in 
example 5 of US Patent Application Publication 
(2011029655) of U.S. Ser. No. (12/999,777) of national phase 
entry (section 371) from international application PCT/ 
US09/49392 (Publication WO 2010/002984), incorporated 
herein by reference. 
Any Suitable eukaryote may be made transgenic with a 

recombinant DNA construct of this invention, including 
domestic or wild mammals, birds, and fish; invertebrates Such 
as arthropods and nematodes; yeasts and fungi, plants such as 
dicot, monocot, and plants of commercial or agricultural 
interest, such as crop plants, wood- or pulp-producing trees, 
Vegetable plants, fruit plants, and ornamental plants; and 
pests, pathogens, or symbionts of plants. Dicot plants include, 
but are not limited to, canola, cotton, potato, quinoa, ama 
ranth, buckwheat, safflower, soybean, Sugarbeet, and Sun 
flower. Monocot plants include wheat, oat, barley, maize, rye, 
triticale, rice, ornamental and forage grasses, Sorghum, mil 
let, and Sugarcane. 

In other embodiments of the invention the DNA construct 
that includes a transgene and an sRNA silencing regulator is 
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located in a vector for transforming a plant cell (such as 
within a plasmid or viral vector), or on a biolistic particle for 
transforming a plant cell, or within a nuclear chromosome or 
plastid or mitochondrion of a non-natural transgenic plant 
cell, or within a non-natural transgenic cell, non-natural 
transgenic plant tissue, non-natural transgenic plant seed, 
non-natural transgenic pollen grain, a non-natural transgenic 
or partially transgenic plant, or a dead plant part. 
The following examples serve to illustrate various aspects 

of the invention. 

EXAMPLE1 

This example illustrates concomitant transcription of RNA 
from DNA of a transgene and RNA from DNA from an sRNA 
silencing pathway gene to autoregulate the expression of the 
transgene. More specifically, this example illustrates use of a 
recombinant DNA construct including a transgene encoding 
green fluorescence protein (GFP) that provides a marker for 
protein expression and DNA from an N. benthamiana RDR6 
gene as an sRNA silencing regulator to autoregulate the 
expression of DNA encoding GFP that was transiently 
expressed in N. benthamiana (Nb) plants through agro-infil 
tration. 
A control recombinant DNA construct was prepared 

including DNA of the GFP gene. The control construct was 
transiently expressed in Nb cells where GFP activity was 
observed to be susceptible to silencing from two to three days 
and up to six days after infiltrating the control DNA construct 
in an Nb leaf tissue. 
Two recombinant DNA constructs of this invention were 

prepared with DNA encoding GFP and a nucleotide fragment 
of DNA cloned from NbRDR6 as the sRNA silencing regu 
lator (sRSR). In one construct the cloned nucleotide fragment 
from NbRDR6 was sense in orientation (SEQID NO:3), and 
in the other construct the cloned nucleotide fragment was 
antisense in orientation (SEQID NO: 4). Each construct was 
transiently expressed in Nb cells for six days where GFP 
activity was measured and observed to be less susceptible to 
silencing compared to Nb cells with the control DNA con 
Struct. 

EXAMPLE 2 

This example illustrates concomitant transcription of RNA 
from DNA of a transgene and RNA from DNA from an sRNA 
silencing pathway gene to autoregulate the expression of the 
transgene where the transgene encodes a 5-enolpyruvylshiki 
mate-3-phosphate synthase (EPSPS) that imparts glyphosate 
herbicide tolerance to transgenic plants and DNA from a Zea 
mayS RDR6 gene is used as an sRNA silencing regulator 
(sRSR) to autoregulate the expression of DNA encoding 
EPSPS that is stably transformed in Zea mays plants. 
A control recombinant DNA construct was prepared 

including promoter DNA from the Sugarcane badnavirus 
bacilliform plant virus linked to DNA encoding EPSPS (iden 
tified as “EPSPS” in Table 1 and FIG. 4A). The control 
construct was stably integrated into maize cells to provide 7 
distinct transgenic events of transgenic maize cells with ran 
dom insertion of a single copy of the control recombinant 
DNA construct in the maize genome. The transgenic maize 
cells were regenerated and propagated into transgenic plants 
for each control event (identified as EPSPS #1 through 
EPSPS #7 in Table 1 and FIG. 4A). Progeny transgenic seed 
from each control event were used to produce progeny control 
transgenic plants that were hemizygous or homozygous for 
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8 
the control EPSPS construct. Transcribed RNA of EPSPS 
was measured in hemizygous and homozygous control 
plants. 

With reference to FIGS 2A and 2B two recombinant DNA 
constructs were prepared including a Sugar cane badnavirus 
bacilliform plant virus promoter linked to DNA encoding 
EPSPS and a nucleotide fragment of DNA from ZmRDR6 as 
an sRNA silencing regulator (sRSR). In one construct a 166 
nucleotide fragment (SEQ ID NO: 5) was taken from 
ZmRDR6A, and in the other construct a 184 nucleotide frag 
ment (SEQID NO: 6) was taken from ZmRDR6B (constructs 
identified in Table 1 and FIG. 4A as “EPSPS-ZmRDR6A 
and “EPSPS-ZmRDR6B). Each recombinant DNA con 
struct was stably transformed into multiple maize cells to 
provide 10 distinct events of transgenic cells with a random 
insertion of a single copy of the recombinant DNA construct 
in the maize genome. Transgenic maize cells were regener 
ated and propagated into transgenic plants for each distinct 
EPSPS-RDR6A or EPSPS-RDR6B event (identified as #01 
through #10 in Table 1 and FIG. 4A). Progeny transgenic seed 
from each distinct event were used to produce progeny trans 
genic plants that were hemizygous or homozygous for the 
EPSPS-ZmMOP1 constructs. The DNA producing tran 
scribed RNA of EPSPS in plants with the EPSPS-ZmRDR6 
constructs were observed in hemizygous and homozygous 
plants to be less Susceptible to silencing compared to control 
plants with the EPSPS control construct. Table 1 reports the 
average expression of EPSPS RNA in the hemizygous and 
homozygous plants for each transgenic event where “n” rep 
resents the number of plants evaluated per event. 

TABLE 1 

Hemizygous Homozygous 
hemi homo 

DNA construct Expression l Expression l 

EPSPS-RDR6A #O1 O.78 1 O.S4 8 
EPSPS-RDR6B #02 1.OO 7 O.6O 9 
EPSPS-RDR6A #03 O.69 3 O.63 5 
EPSPS-RDR6B #04 3.09 5 1.53 3 
EPSPS-RDR6A iOS 4.71 4 3.30 5 
EPSPS-RDR6A #06 6.94 9 5.56 8 
EPSPS-RDR6A iO7 6.20 9 9. OS 7 
EPSPS-RDR6B #08 11.81 O 12.10 4 
EPSPS-RDR6B #09 9.54 3 1741 2 
EPSPS-RDR6B #10 14.42 1 29.94 11 
EPSPS #1 O43 2 O.09 3 
EPSPS #2 2.54 O O45 9 
EPSPS #3 O4O O OSO 10 
EPSPS H4 2.81 3 O.S8 11 
EPSPS #5 1.76 2 O.62 4 
EPSPS #6 2.13 6 O.71 5 
EPSPS #7 2.63 3 5.87 8 

With reference to FIG. 4A, average levels of EPSPS RNA 
expression in hemizygous (hemi) and homozygous (homo) 
progeny plants for an event are represented by a pair of bars 
with error brackets representing the standard error (standard 
deviation of mean divided by the square root of n). The data in 
Table 1 and FIG. 4A show that the average EPSPS RNA 
expression in four out of ten EPSPS-RDR6A or EPSPS 
RDR6B events in homozygous plants (#07 through #10) were 
higher than that of the highest average homozygous control 
(EPSPS #7). The data in Table 1 and FIG. 4A also show that 
the average EPSPS RNA expression in seven out of ten 
EPSPS-RDR6A or EPSPS-RDR6B events in homozygous 
plant (#04 through #10) were higher than that of the second 
highest average homozygous control (EPSPS #6). The aver 
age EPSPS RNA expression of the highest EPSPS-RDR6 
homozygous plant (EPSPS-RDR6B #10) was 5-fold greater 
than in the highest average homozygous control (EPSPS #7). 
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EXAMPLE 3 

This example illustrates concomitant transcription of RNA 
from DNA of a transgene and RNA from DNA from an sRNA 
silencing pathway gene to autoregulate the expression of the 
transgene where the transgene encodes a 5-enolpyruvylshiki 
mate-3-phosphate synthase (EPSPS) that imparts glyphosate 
herbicide tolerance to transgenic plants and DNA from a Zea 
mays MOP1 gene is used as an sRNA silencing regulator 
(sRSR) to autoregulate the expression of DNA encoding 
EPSPS that is stably transformed in Zea mays plants. 
A control recombinant DNA construct was prepared 

including promoter DNA from the Sugarcane badnavirus 
bacilliform plant virus linked to DNA encoding EPSPS (iden 
tified as “EPSPS in Table 2 and FIG. 4B). The control con 
struct was stably integrated into maize cells to provide 7 
distinct transgenic events of transgenic maize cells with ran 
dom insertion of a single copy of the control recombinant 
DNA construct in the maize genome. The transgenic maize 
cells were regenerated and propagated into transgenic plants 
for each control event (identified as EPSPS #1 through IPSPS 
#7 in Table 2 and FIG. 4B). Progeny transgenic seed from 
each control event were used to produce progeny control 
transgenic plants that were hemizygous or homozygous for 
the control EPSPS construct. Transcribed RNA of EPSPS 
was measured in hemizygous and homozygous control 
plants. 

With reference to FIGS. 2C and 2D two recombinant DNA 
constructs were prepared including a Sugarcane badnavirus 
bacilliform plant virus promoter linked to DNA encoding 
EPSPS and a 272 nucleotide fragment of DNA from 
ZmMOP1 (SEQID NO: 7) as an sRNA silencing regulator 
(sRSR). In one construct the 272 nucleotide fragment from 
ZmMOP1 was prepared in the sense ( S) orientation, and in 
the other construct it was prepared in the antisense ( as) 
orientation (constructs identified in Table 2 and FIG. 4B as 
“EPSPS-ZmMOP1 s” and “EPSPS-ZmMOP1 as”). Each 
recombinant DNA construct was stably transformed into 
multiple maize cells to provide 9 distinct events of transgenic 
cells with a random insertion of a single copy of the recom 
binant DNA construct in the maize genome. Transgenic 
maize cells were regenerated and propagated into transgenic 
plants for each distinct EPSPS-MOP1 a or EPSPS 
MOP1 as event (identified as #01 through #09 in Table 2 and 
FIG. 4B). Progeny transgenic seed from each distinct event 
were used to produce progeny transgenic plants that were 
hemizygous or homozygous for the EPSPS-ZmMOP1 con 
structs. The DNA producing transcribed RNA of EPSPS in 
plants with the EPSPS-ZmMOP1 constructs were observed 
in hemizygous and homozygous plants to be less Susceptible 
to silencing compared to plants with the EPSPS control con 
struct. Table 2 reports the average expression of EPSPS RNA 
in the hemizygous and homozygous plants for each trans 
genic event where “n” represents the number of plants evalu 
ated per event. 

TABLE 2 

Hemizygous Homozygous 
hemi homo 

DNA construct Expression l Expression l 

EPSPS-MOP1 as #01. O.O1 7 O.O2 8 
EPSPS-MOP1 as #02 O.22 14 O.O8 3 
EPSPS-MOP1 as #03 O.34 13 0.72 3 
EPSPS-MOP1 siO4 1.32 11 2.74 8 
EPSPS-MOP1 as #05 2.21 9 3.42 8 
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TABLE 2-continued 

Hemizygous Homozygous 
hemi homo 

DNA construct Expression l Expression l 

EPSPS-MOP1 siO6 9.54 8 5.89 8 
EPSPS-MOP1 siO7 6.27 16 13.60 2 
EPSPS-MOP1 is #08 S.34 9 13.96 6 
EPSPS-MOP1 as #09 9.11 12 17.24 4 
EPSPS #1 O43 12 O.09 3 
EPSPS #2 2.54 10 O.45 9 
EPSPS #3 O4O 10 O.SO 10 
EPSPS H4 2.81 13 O.S8 11 
EPSPS #5 1.76 12 O.62 4 
EPSPS #6 2.13 6 O.71 5 
EPSPS #7 2.63 13 5.87 8 

With reference to FIG. 4B, average levels of EPSPS RNA 
in hemizygous (hemi) and homozygous (homo) progeny 
plants from an event are represented by a pair of bars with 
error brackets representing the standard error (standard devia 
tion of mean divided by the square root of n). The data in Table 
2 and FIG. 4B show that the average EPSPS RNA expression 
in four out of nine EPSPS-MOP1 a or EPSPS-MOP1 as 
events in homozygous plants (#06 through #09) were higher 
than that of the highest average homozygous control (EPSPS 
#7). The data in Table 2 and FIG. 4B also show that the 
average EPSPS RNA expression in seven out often EPSPS 
MOP1 a or EPSPS-MOP1 as events in homozygous plants 
(#03 through #09) were higher than that of the second highest 
average homozygous control (EPSPS #6). The average 
EPSPS RNA expression of the highest EPSPS-MOP1 
homozygous plant (EPSPS-MOP1 as #09) was 3-fold 
greater than the highest average homozygous control (EPSPS 
#7). 

EXAMPLE 4 

To further illustrate aspects of the invention where con 
comitant transcription of RNA from DNA of a transgene and 
RNA from DNA from an sRNA silencing pathway gene auto 
regulates the expression of the transgene, this example shows 
the use of different recombinant DNA constructs including 
DNA of a transgene and DNA from a gene encoding one of 
the sRNA silencing pathway proteins selected from an 
RDR6, SDE3, RDR2, WEX, SGS3, DCL2-4, UPF1, UPF3, 
HEN1, NRPD1A, NRPD2, DRD1, HDA6, MOP1, and 
AGO1. 
A control recombinant DNA construct is made to include 

DNA from a CaMV 35S promoter linked to DNA encoding 
EPSPS. Separate recombinant DNA constructs are made each 
combining DNA from a CaMV 35S promoter linked to DNA 
encoding EPSPS and DNA from an sERNA silencing pathway 
gene for each of the RDR6, SDE3, RDR2, WEX, SGS3, 
DCL2-4, UPF1, UPF3, HEN1, NRPD1A, NRPD2, DRD1, 
HDA6, MOP1, and AGO1 sRNA silencing pathway proteins. 
Each construct by itself is stably integrated into maize plant 
cells that are regenerated into transgenic maize plants and 
progeny seed and progeny plants in a manner similar to that 
described in example 2 resulting in distinct plants and seed for 
each recombinant DNA construct. Transgene expression of 
EPSPS RNA is less susceptible to silencing in transgenic 
maize plants having cells with the recombinant DNA con 
structs of the invention as compared to transgenic cells with 
the control DNA construct. 

EXAMPLE 5 

To further illustrate aspects of the invention where con 
comitant transcription of RNA from DNA of a transgene and 
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RNA from DNA from an sRNA silencing pathway gene auto 
regulates the expression of the transgene, recombinant DNA 
constructs are made and evaluated as in example 4 except that 
the recombinant DNA constructs are stably integrated into the 
genome of soybean, cotton, canola (rape seed), Sugarcane, 
wheat, rice, Sugar beet, potato, and alfalfa plant cells, from 
which transgenic plants are subsequently generated. Trans 
gene expression of EPSPS RNA is less susceptible to silenc 
ing in transgenic plant cells with the recombinant DNA con 

12 
2,2-dichloropropionic acid dehalogenase, which are proteins 
that impart herbicide tolerance to transgenic plants. Trans 
gene expression of herbicide tolerant protein RNA is less 
Susceptible to silencing in transgenic plants having cells with 
a recombinant DNA construct also comprising DNA from an 
sRNA silencing pathway gene compared to the RNA expres 
sion in transgenic plant cells without the DNA from an sERNA 
silencing pathway gene. 

structs of the invention compared to the EPSPS RNA 10 EXAMPLE 8 
expression in transgenic plant cells with the control DNA 
COnStruct. To further illustrate aspects of the invention, separate 

recombinant DNA constructs are prepared and evaluated as in 
EXAMPLE 6 examples 4 and 5 for different transgenes where DNA of the 

15 transgene encodes one of Bacillus thuringiensis Cry2Aa 
To further illustrate aspects of the invention, separate endotoxin and Bacillus thuringiensis Cry3A endotoxin, 

recombinant DNA constructs are prepared and evaluated as in which are proteins that impart insect resistance to transgenic 
example 4 except that the transgene comprises a rice actin cotton and potato plants, respectively. Transgene expression 
promoter linked to DNA encoding a Bacillus thuringiensis of insecticidal protein RNA is less susceptible to silencing in 
(Bt) Cry1A(b) endotoxin protein that is toxic to Lepidopteran 20 transgenic cotton and potato plants having cells with a recom 
insects and the transgenic plants are maize. Transgene expres- binant DNA construct also comprising DNA from an sERNA 
sion of Bt protein RNA is less susceptible to silencing in silencing pathway gene compared to the RNA expression in 
transgenic maize plant cells with a recombinant DNA con- transgenic cotton and potato plant cells without the DNA 
struct also comprising DNA froman sRNA silencing pathway from an sRNA silencing pathway gene. 
gene compared to the Bt protein RNA expression in trans- 25 
genic maize plant cells without the DNA from an sRNA EXAMPLE 9 
silencing pathway gene. 

To further illustrate an aspect of the invention, a recombi 
EXAMPLE 7 nant DNA construct is prepared and evaluated as in example 

30 4 for a transgene comprising DNA encoding cold shock pro 
To further illustrate aspects of the invention, separate tein from Bacillus subtilis (Bs), which is a protein that imparts 

recombinant DNA constructs are prepared and evaluated as in drought tolerance to transgenic maize plants. Expression of 
examples 4 and 5 for different transgenes where DNA of the Bs cold shock protein RNA is less susceptible to silencing in 
transgene encodes one of glyphosate oxido-reductase, phos- transgenic plants having cells with a recombinant DNA con 
phinothricin acetyltransferase, mutant acetolactate synthase, 35 struct also comprising DNA froman sRNA silencing pathway 
haloarylnitrilase, acetyl-coenzyme A carboxylase, modified gene compared to the RNA expression in transgenic plant 
dihydropteroate synthase, glyphosate-N-acetyl transferase, cells without the DNA from an sRNA silencing pathway 
dicamba mono-oxygenase, glyphosate decarboxylase, and gene. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 7 

<21 Os SEQ ID NO 1 
&211s LENGTH: 698 
&212s. TYPE: DNA 

<213> ORGANISM: Zea mays 

<4 OOs SEQUENCE: 1 

cacactitcgc atttgcatcc atccct cqct cqgittatgaa attittittaaa cc cct tcc.ga 60 

toctaaataa aacggaaatc aacco cacaa aaccc.ctg.cg taaagagacic caattgctat 12O 

ctic ct coagc at CCaCC cala C9gat.ccgcg gcaa.ccgacc acccatggga togctc.cggg 18O 

gcgcggcagc ct cotcc.gcg gcgcc.gc.gcg cgggcgacct ggtgaccacg Caggittagcc 24 O 

ttggtggatt tatgccacc gt caaggcgc ticgatct cqc cactitcct c gagttgaatg 3 OO 

cgggctcggit ctggcgctgc cgc.ct Caaga cct cctggac to cqc.cggac goctat cocg 360 

act tcct tct coccaccgt.c acctic cqc.cg cc.gc.gc.cgcc gocacagtac gatcgcgtgc 42O 

Ctcc.gcacgc ctitcgt.ccac tittgcgc.gc.c. c99agggcgc gcgc.gc.cgcc actict cc.gct 48O 

Ctggcgt.cgt cactggttcc ttgaccc.ctg. tcgggit cqg tcggtggtgc tagggit cagc 54 O 

agttgtctgg tetctgtagc ct citctggct atcc.gttctt toggtgttgaaa tigaattic.ca 6 OO 

atcgtgtggg aatggat ct c tdttcgattgttcaattggc ccatatt coa totttggatc 660 
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- Continued 

agaatacaca ttgcaatttic togggtctaca gttaaatcaa gotttacaga tigatcgctitt 

Catgcatgca aggaggacgc caaatttgca tot cagag Cactagattt Cacacctaat 

agct cittittg gcgagtgttc. cact cittgtc ct 

What is claimed is: 
1. A method to autoregulate expression of a transgene 

Susceptible to sRNA silencing by concomitantly transcribing 
an RNA transcript from a recombinant DNA construct 
inserted in the genome of a plant cell, said recombinant DNA 
construct comprising said transgene and at least one plant 
sRNA silencing pathway gene, 

wherein said at least one plant sRNA silencing pathway 
gene is selected from the group consisting of RDR6 and 
MOP1, 

wherein said transgene and at least one plant sRNA silenc 
ing pathway gene are transcribed to a single transcript, 
and 

wherein expression of said at least one plant sRNA silenc 
ing pathway gene is suppressed only when silencing of 
said transgene is initiated. 

2. The method of claim 1 wherein said transgene is DNA 
that transcribes to an mRNA encoding a protein or to a non 
coding RNA. 

3. The method of claim 2 wherein said transgene comprises 
DNA encoding a protein that imparts herbicide tolerance or 
pest tolerance to a plant. 

4. The method of claim 3 wherein said protein that imparts 
herbicide tolerance is selected from the group consisting of 
EPSP synthase, glyphosate oxido-reductase, phosphinothri 
cin acetyltransferase, mutant acetolactate synthase, 
haloarylnitrilase, acetylcoenzyme A carboxylase, modified 
dihydropteroate synthase, glyphosate-N-acetyl transferase, 
dicamba mono-oxygenase, glyphosate decarboxylase, and 
2,2-dichloropropionic acid dehalogenase. 

5. The method of claim 3 wherein said protein that imparts 
pest tolerance is selected from the group consisting of Bacil 
lus thuringiensis Cry1A(b) endotoxin, Bacillus thuringiensis 
Cry2Aa endotoxin, Bacillus thuringiensis Cry3A endotoxin, 
ET29 and TIC810 endotoxins, RNA that becomes a dsRNA 
targeting a vacuolar ATPase gene of Soybean cyst nematode, 
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and RNA that becomes a dsRNA targeting a soybean cyst 
nematode major sperm protein. 

6. A recombinant DNA construct comprising a transgene 
and a heterologous sRNA silencing regulator wherein said 
heterologous skNA silencing regulator comprises DNA from 
at least one plantsRNA silencing pathway gene selected from 
the group consisting of RDR6 and MOP1; 

wherein said recombinant DNA construct further com 
prises a plant-expressible promoter that concomitantly 
transcribes said transgene and said plant sRNA silencing 
regulator to a single transcript; 

wherein said skNA silencing regulator is located within at 
least one of: 

(a) a region 5' to said transgene, 
(b) a region 3' to said transgene, and 
(c) a region within said transgene; and 
wherein said recombinant DNA construct is stably inte 

grated in the genome of a plant cell, and 
wherein expression of said at least one plant sRNA silenc 

ing pathway gene is suppressed only when silencing of 
said transgene is initiated. 

7. A recombinant cell having in its genome the recombi 
nant DNA construct of claim 6. 

8. A transgenic plant regenerated from said recombinant 
cell of claim 7, or a progeny transgenic plant of said regen 
erated transgenic plant, wherein said transgenic plant or prog 
eny transgenic plant comprises the recombinant DNA con 
Struct. 

9. A transgenic plant comprising a recombinant cell having 
in its genome the recombinant DNA construct of claim 6. 

10. A commodity product prepared from the transgenic 
plant of claim 9, wherein said commodity product comprises 
said recombinant DNA construct. 

11. The commodity product of claim 10 wherein said com 
modity product is plant biomass, plant meal, plant seed, plant 
leaves, plant flour, or plant stalk. 

k k k k k 


